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Econometric Model and Calculation of Post-Merger Price Changes

We specified a two-stage "discrete/continuous" model of consumer demand for

long distance services. These models have previously been used by Hausman (1979),

Duncan (1980), and Dubin and McFadden (1984), although not in the long distance

context. l In the first, "carrier choice," stage, the consumer chooses a long-distance

carrier. In the second, "usage," stage, the consumer chooses the amount oflong-distance

minutes. We estimated the model using a dataset consisting of information on the

monthly bills of approximately 20,000 individual consumers collected by PNR in their

Bill Harvesting data set.2

A. The Carrier Choice Stage

In the carrier choice stage, the consumer is assumed to choose among carriers

based on carrier attributes. The choice set faced by consumers was assumed to include

four alternatives: (1) AT&T, (2) MCIIWorldCom, (3) Sprint, and (4) the dial-around

("10-1 0") carriers including other long distance carriers (e.g. Qwest), who are grouped

into one alternative. We assume that consumers choose the carrier that maximizes their

utility. If consumer i chooses carrier j, consumer i is assumed to get utility equal to

(1)

I See J. Hausman, "Individual Discount Rates and the Purchase and Utilization of Energy Using Durables,"
Bell Journal ofEconomics, 1979; G. Duncan, "Formulation and Statistical Analysis of the Mixed,
Continuous/Discrete Dependent Variable Model in Classical Production Theory," Econometrica, 1980; J.
Dubin and D. McFadden, "An Econometric Analysis of Residential Electric Appliance Holdings and
Consumption," Econometrica, 1984. For a review, see 1. Hausman, "The Econometrics of Nonlinear
Budget Sets," Econometrica, 1985.
2 These data are used by the FCC to estimated residential long distance market shares; e.g. FCC Industry
Analysis Division, "Long Distance Market Shares", Fourth Quarter 1998, March 1999, Table 4.3



where Zij are the attributes of carrier j that are specific to consumer i, e.g., the price of

carrier j, Uj is a carrier-specific parameter that captures all attributes of the carrier that are

the same across consumers, e.g., brand name, and Eij is an unobserved variable specific to

individual i and carrier j. 3 The inclusion of the carrier specific parameter allows

estimation of the effect of brand name on consumer choice. Our empirical results

demonstrate that brand name has a large and statistically significant effect on consumer

choice of carrier.

We estimated the parameters in equation (1) using maximum likelihood methods

given a distributional assumption for the Ei} We employed three alternative distributional

assumptions. First, we used the independent extreme value distribution, which yields the

multinomiallogit (MNL) model. Next, we used the generalized extreme value

distribution, which leads to the nested logit (NL) model; see McFadden (1984).4 Lastly,

we used the multivariate normal distribution, which yields the multinomial probit (MNP)

model; see Hausman and Wise (1978).5 The MNP model allows for a more flexible

pattern of cross price elasticities of demand than the MNL and NL models.6

B. The Usage Choice Stage

In the usage choice stage, the consumer chooses number of long-distance minutes.

This choice is assumed to be a function of price of the chosen carrier as well as

3 Carriers offer plans with different prices for different times of day. We determined carrier prices for the
peak, off-peaklnon-Sunday, and off-peak/Sunday periods and included these variables in the Zij vector.
4 D. McFadden, "Econometric Analysis of Qualitative Response Models," in Handbook ofEconometrics,
ed. by Z. Griliches and M. Intriligator, 1984.
5 J. Hausman and D. Wise, "A Conditional Probit Model for Qualitative Choice," Econometrica, 1978.
6 The MNL model implies equal cross elasticities across carriers. See 1. Hausman, "Project Independence
Report: A Review of U.S. Energy Needs up to 1985," Bell Journal ofEconomics, 1975.



characteristics of the consumer such as income, age, and education. The econometric

specification for the usage choice stage is

(2)

where Mj is the number of minutes chosen by consumer i, Pi is the price of the carrier

chosen by consumer i in the first stage, Xi is a vector of demographic characteristics of

consumer i, and Vi is an error term accounting for unobserved factors that affect consumer

i's choice ofminutes.

The use of least squares to estimate the parameters in equation (2) would yield

biased and inconsistent estimates in general because the consumer's choice of carrier in

the first stage implies a correlation between the price of the chosen carrier, Pi, and the

unobserved factors that affect choice of minutes, Vj. Thus, we used an instrumental

variables (IV) method to estimate equation (2). The predicted choice probabilities for the

four carriers from the first stage, each multiplied by the respective carrier price, are used

as instruments for the chosen price Pi.

C. Calculation of Post-Merger Price Changes

Given the two-stage demand model described above, carrier j faces a demand for

minutes equal to

(3)

where N is the number of consumers, 7tj is the percentage of consumers choosing carrier

j, which depends on the prices of all four carriers, and Mj(Pj) is the average minutes of

usage for consumers choosing carrier j, which depends on the price of carrier j only. In

what follows, we set N = 1 without loss of generality. The following table gives the

estimated own and cross-price elasticities of demand for each carrier based on the



parameter estimates from the two-stage demand model and pre-merger prices. We present

the results from the multivariate probit model since it allows for the most flexible

specification of cross price elasticities:

Estimates of own Price and Cross Price Elasticities7

Other Carriers AT&T MCI Sprint
Dial Around -1.33 0.47 0.12 0.04
AT&T 0.16 -1.12 0.09 0.03
MCI 0.23 0.50 -1.33 0.06
Sprint 0.30 0.61 0.22 -1.81
Pre-merger 15.2% 63.4% 16.4% 5.0%
quantity shares

Note that Sprint is the closest competitor with MCI with its cross price elasticity almost

twice as large as the next closest competitor. Also, MCI is the closest competitor to

Sprint. 8

Pre-merger, carrier j chooses its price Pj to maximize profits. Under the assumed

Nash-Bertrand pricing model, the first order conditions for the carriers' maximization

problems lead to a system of four equations of the form

(4)

where Cj is the marginal cost of carrier j and Ejj is the own price elasticity of demand

faced by carrier j.9 Given the pre-merger prices and the own elasticities calculated from

the demand equation (3), we can solve for the implied marginal costs Cj.

7 The cross price elasticities are calculated as the log change in the quantity of the row with respect to the
log change in the price of the column, e.g. 0.22 represents approximately a 2.2% change in Sprint's
quantity for a 10% change in MCl's price. Thus, the largest effect of a MCI price change is on Sprint, and
the largest effect of a Sprint price change is one MCI.
8 Similar results were found with the NL model specification, e.g. Sprint and MCI were again each others'
closes substitutes.
9 For further explanation of this analysis, see 1. Hausman and G. Leonard, "Economic Analysis of
Differentiated Products Mergers Using Real World Data," George Mason Law Review, 1997 and J.



Post-merger, the combined MCl-Sprint entity will take into account the cross

elasticity of demand between the MCI and Sprint services when setting prices. Thus, the

first order condition for the Sprint price will be

(5) Ss Ess (Ps- Cs)/Ps+ Sm Ems (Pm - Cm)/Pm= -Ss

where the subscripts "s" and "m" indicate Sprint and MCI respectively, Sj is the revenue

share of carrier j, and Ems is the elasticity ofMCI demand with respect to Sprint's price.

A similar first order condition holds for MCI. The post-merger equilibrium prices solve

the system of four equations consisting of the first order conditions of form (4) for AT&T

and the la-lOs and the first order conditions of form (5) for MCI and Sprint.

Using the parameters of the two-stage demand system, along with the implied

marginal costs calculated as described above, we estimated the following post-merger

. h 10pnce c anges:

Percent
Carrier Increase
MCI 5.4%
Sprint 8.9%

Thus, we find a larger expected price increase for Sprint than for MCI, which is the usual

result since MCI is significantly larger than Sprint. The result ofthe proposed merger

would lead to significantly higher prices for residential consumers. We find

approximately similar results when we based the estimated post-merger price changes on

Hausman, G. Leonard, and D. Zona, "Competitive Analysis with Differentiated Products," Annales
D'Economie et de Statistique, 1994.
10 In doing this calculation we assume that the dial around carriers are independent ofMCI. In fact, MCI
owns the largest dial around carrier, which has 45% of dial around sales. This control could lead to a larger
price increase.



either of the alternative discrete choice models, the multinomiallogit or the nested logit

model. I I

II I find somewhat higher estimates of the post-merger price change using the multinomial probit model.
This finding corresponds to the empirical finding that Mel and Sprint are each others' closest competitors.


